Open flow-through systems coupled to infrared gas analyzers have been frequently employed in the study of CO2 exchange transients such as the postillumination burst observed in leaves of C3 plants. A RESULTS AND DISCUSSION The IRGA Response Model. As a fluid passes through a cylindrical tube, the radial velocity profile is not uniform. Flow is most rapid at the center and zero at the wall. The streamwise (i.e. along the x axis) dispersion of a solute in a bounded shear flow has been extensively studied (4-6). If the time to mix across the flow is less than or comparable to the time to pass through the tube (for this system both time scales are about 6 s), then: system, a = 0.95 cm, u = 5.7 cm s-', and L, the length of the tube, is about 34 cm. Thus, the increase in the variance of the distribution as gas passes through the tube, Aqx2, is constrained by: Aax2 c 49 cm2. This dispersion due to the cross-sectional variation in velocity can be modelled by a finite difference scheme utilizing the phenomenon of numerical dispersion. The tube may be simulated by a series of compartments of equal volume through which the fluid passes with uniform velocity. Figure 1 illustrates how such a model may simulate dispersion of solute during flow. The final solute concentration (C) in any compartment (i) over time interval At may be expressed in terms ofthe flow rate (F in 1 s-') and compartment volume (Vin liters).
The PIB' of CO2 in C3 leaves has been recognized as an index of the rate of metabolism of glycolate. In two previous reports, a non-steady state approach was described for quantitative estimation of the PIB using an IRGA equipped with a flow-through cell (1, 2) . A numerical formula was employed to simulate the dispersion of CO2 as it passed through the tubular cell of the IRGA. This paper presents theoretical evidence to justify use of the previous basic model. Refinements to the basic model improve accuracy and increase the efficiency of determining optimal values for critical model parameters.
MATERIALS AND METHODS
Details of the apparatus and other experimental conditions have been described in Peterson (1) . Tube dimensions apply to the Beckman 865 IRGA sample cell (length, 34.35 cm; diameter, 1.9 cm).
RESULTS AND DISCUSSION The IRGA Response Model. As a fluid passes through a cylindrical tube, the radial velocity profile is not uniform. Flow is most rapid at the center and zero at the wall. The streamwise (i.e. along the x axis) dispersion of a solute in a bounded shear flow has been extensively studied (4) (5) (6) . If the time to mix across the flow is less than or comparable to the time to pass through the tube (for this system both time scales are about 6 s), then: The degree of dispersion is strongly dependent upon the value of At. To study the effect of numerical dispersion, we introduce the dimensionless Courante number (3), p = FAt/V = uAt/Ax, which is the fraction of material which moves from one compartment to the next in one time step (Fig. 1) . Equation 2 then becomes:
The value of p also represents the probability of advancing a distance Ax in time At whereas (1 -p) is the probability ofstasis. If we assume that at time zero all of the material is in the zeroth compartment at concentration CO, then the concentration in the mth box after n time steps, such that t = nAt, is:
which is simply the binomial distribution (Fig. 2) . The mean number of boxes moved is np and the variance about this mean is a2 = np(1 -p) at any time t = nAt. In terms of distance, the mean is xc? = npAx = FAxt/ V = ut and the variance a,2 is given by:
For a system of eight compartments (1), Ax = L/8 and the increase in the variance of the distribution on passing through the eight compartments is: (2) . The maximum rate of CO2 evolution, which usually occurs at 6 to 10 s after darkening, is taken as an estimate of RE'.
We wish to contrast the current analysis with the numerical simulation described previously (1, 2) in which the At used was quite short (0.025 s). First, for At > 0.37 s in this system (i.e. At greater than 1/2 times the flush time of one IRGA cell compartment) the distribution of CO2 in the IRGA cell during flow is skewed backward relative to the direction of flow instead of forward (At < 0.37 s). This is consistent with the expected effect of the nonuniform cross-sectional velocity profile in the cell on the distribution of CO2 (see above). Second, a larger At dramatically increases the efficiency of obtaining optimal values for the four adjustable parameters using a reiterative computerized search procedure (2) . Third, utilizing the integrals of equations 7 and 10 in this model, instead of finite difference equations as used previously (1, 2) , results in total conservation of CO2 and thus an improvement in accuracy. Fourth, an improved continuous formulation for leaf CO2 exchange rate R(t) (Eqs. 8 and 9) yields a more reliable estimate of the maximum rate of postillumination CO2 evolution. The previous function for R(t) exhibited a discontinuity occurring between the cessation of net CO uptake and the onset of net CO2 evolution.
Since the PIB is highly 02-dependent (2), RE' is considered to arise primarily from the metabolism of glycolate to CO2 (photorespiration). unaccounted for using the model described herein. Also, six independent experiments performed under atmospheric levels of 02 and CO2 (temp. = 32C) produced a mean ratio of photorespiration:net photosynthesis of 0.283 ± 0.028 (SE). Duplicate determinations within an experiment frequently agree closely (i.e. ±5%). This approach produces valid and reasonable estimates of photorespiration:net photosynthesis and should aid in future studies of the regulation of photorespiration in C3 plants.
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